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ABSTRACT 
Chlorpyrifos (organophosphate) and cypermethrin (pyrethroid) are insecticides, which are widely used for agricultural as well as for 
domestic purposes. This study investigated the toxicological effect of chlorpyrifos and cypermethrin on selected organs and tissues of 
male Wistar rats. Nine (9) male Wistar rats were randomly grouped into three and were orally given chlorpyrifos or cypermethrin, while 
the control group was given distilled water for 28 days. The results revealed a significant increase (p<0.05) in rat serum AST activity for 
the chlorpyrifos and cypermethrin groups. Also, there was significant elevation in serum urea following oral exposure to either 
chlorpyrifos or cypermethrin. Conversely, a reduction in the rat liver ALP activity for treatment with cypermethrin or chlorpyrifos was 
recorded. The histology results revealed that the administration of chlorpyrifos but not cypermethrin for 28 days has no significant effect 
on the biochemical properties and sperm morphology of the rats. Taken together, findings indicate that cypermethrin and chlorpyrifos 
exposure in rats predisposes to renal injury, while altering sperm morphology. 
Keywords: biochemical toxicology; medicinal biochemistry; pesticides; reproductive biochemistry. 
 
1. INTRODUCTION 
 Pesticides are chemical substances used for preventing and 
controlling pests, including vectors of human or animal diseases. 
They are used to control unwanted species of plants or animals 
that interfere with agricultural commodities [1]. Although, 
pesticides are beneficial in improving food production, reducing 
manpower farm needs and improving public health, they adversely 
affect human, animal health and environmental sustainability [2]. 
Pesticides could include herbicides, insecticides, fungicides, 
disinfectant, and rodenticides [1]. Among the various pesticides, 
insecticides are the most widely used with cypermethrin (CY) and 
chlorpyrifos (CH) been the dominant chemicals applied [3, 4]. CY 
is a synthetic, pyrethroid insecticide used to control many pests on 
crops. It is used in agriculture, forestry as well as in public and 
animal health programs [4]. CH is a chlorinated organophosphate 
(OP) insecticide with a broad spectrum of activity against 
arthropod pests of plants, animals, and humans [5]. Although 
considered nontoxic to mammals, recent studies have shown the 
adverse effect of cypermethrin on the nervous system [6], hepatic 
and renal system [7], as well as on male reproductive system in 
laboratory animals [8, 9, 10]. Thus, with the frequent usage of 
these chemicals, the environmental implication of these 
insecticides has become a public health concern [4]. Studies have 
reported a significant sperm abnormality including reduction in rat 
testis and epididymis weights, testicular sperm head counts, sperm 
motility and live sperm counts following exposure to these 
insecticides (4). Additionally, serum testosterone (T), follicle 
stimulating hormone (FSH), luteinizing hormone (LH), reduced 
glutathione (GSH), catalase (CAT), superoxide dismutase (SOD), 
glutathione S-transferase (GST), glutathione reductase (GR), 
glutathione peroxidase (GPx) and total protein (TP) contents were 
decreased while lipid peroxidation (LPO) level was increased on 
cypermethrin exposure in rat models.  
In separate studies, chlorpyrifos induced genotoxicity [11, 12]. 
Although some studies reported no change in sperm motility and 
sperm morphology at any of the dose level used, it was observed 
that there was a decrease in sperm counts at a high dose [13]. 
There is an evident that chlorpyrifos causes changes in some 
hematological and biochemical parameters in experimental 
animals [14, 15]. Pesticide exposure has also been associated with 
elevation of cancer risks, and reproductive dysfunctions in 
agricultural workers [16]. Thus, the reports of biochemical and 
reproductive toxicity of cypermethrin and chlorpyrifos are a major 
concern because human spermatogenesis may be vulnerable to 
chronic exposure to pesticides at very low concentrations. The 
present study investigated the effects of cypermethrin and 
chlorpyrifos on some biochemical indices and sperm morphology 
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2. MATERIALS AND METHODS 
Experimental Animals. 
Male Wistar rats of range 110+35g were obtained from the animal 
holding unit of the Department of Biochemistry, University of 
Ilorin, Ilorin, Kwara State. They were acclimated for two weeks in 
a well-ventilated animal house prior to commencement of 
experimental treatments. The rats were handled in accordance with 
the NIH guide for the care and use of laboratory animals [17]. 
Their beddings were regularly changed and they were fed with 
commercial rat pellets with unrestricted access to clean drinking 
water.  
Test chemicals. 
Cypermethrin (10%) was a product of Gharda Chemical Limited, 
Thane Mahrashta State, India and Chlorpyrifos (48%) was product 
Redsun Group Corporation, Nanjing 211300, China.   
Animal grouping and treatment. 
Nine (9) Wistar rats weighing between 75-140g (110+35g) were 
randomly grouped into three (3) groups of three rats each. The rats 
in groups 1, 2, and 3 were orally administered distilled water 
(control), 3 mg/kg bw of chlorpyrifos and 10 mg/kg bw of 
cypermetrin respectively for 28 days. 
This study was conducted following the guidelines on the care and 
use of laboratory animals of the Ethical Committee of the 
Department of Biochemistry, University of Ilorin, Ilorin, Kwara 
State, Nigeria. 
Sperm Morphology Assay. 
Induction of sperm abnormalities was done according to previous 
studies [18, 19]. Briefly, male Wistar rats of 110+35g were used 
for the study. The animals were divided into three groups (n = 3). 
A 28-day period of exposure was considered, while 3 mg/kg rat 
body weight concentration of chlorpyrifos and 10 mg/kg rat body 
weight concentration of cypermethrin were used. Sperm was 
sampled from the caudal epididymis after 30 days of exposure. 
After mild anaesthetization with diethyl-ether, the rats from each 
group were sacrificed by jugular puncture method according to 
standard procedures by Institutional Animal Care and Use 
Committee. Their caudal epididymis was removed; sperm 
suspensions were then prepared from the caudal of each testis by 
mincing the caudal in physiological saline. The slides were air-
dried and coded for subsequent microscopic examination at x1000 
magnification. For each rat, x1000 sperm cells were assessed for 
morphological abnormalities according to the criteria set by [18]. 
Biochemical assays. 
Biochemical indices for hepatic and nephrotic functions such as 
the ALP, AST, ALT, urea, creatinine, bilirubin, protein and 
albumin were determined using commercial assay kits (RANDOX 
Laboratories Ltd., Crumlin, Antrim, United Kingdom) and 
following manufacturer’s guidelines. 
Statistical analysis. 
The Statistical Package for Social Science (SPSS®) version 16.0 
was used for data analysis. Data obtained were expressed as 
percentage frequency and mean ± standard error of mean (SEM). 
Significance at different concentration-level was tested using one-
way analysis of variance (ANOVA) test and Duncan’s New 
Multiple Range Test (DMRT). Significant level was kept at 
p<0.05. 
3. RESULTS  
Average weight of animals. 
The oral administration of chlorpyrifos and cypermethrin to 
Wistar rats for 28 days consistently did not alter the mean body 
weight when compared with the control group (table 1).  The rat 
organ weight showed a slightly significant difference between the 
rats administered cypermethrin and the control group, while the 
chlorpyrifos showed no changes when compared with the control 
(table 2). Organ/body weight ratio also showed a minor change in 
the group administered with cypermethrin, which was also 
statistically significant (table 3).  
Biochemical indices.  
In order to access the toxicity of cypermethrin and chlorpyrifos, a 
span of biochemical indices such as enzyme activities and 
homeostatic parameters was determined in rat serum and tissues 
(table 4). Cypermethrin and chlorpyrifos had an inconsistent effect 
on the biochemical parameters assayed.    
The exposure to cypermethrin elevated the rat serum AST when 
compared with the control. Additionally, there was a significant 
increase in the concentration of total bilirubin in rat serum for 
cypermethrin and chlorpyrifos groups when compared with the 
control group. furthermore, cypermethrin and chlorpyrifos 
treatments elevated (p<0.05) rat serum urea when compared to the 
control group. 
Histopathological examination. 
Rat semen was prepared and observed under the microscope for 
any morphological changes following exposure to the insecticides.  
 
Figure 1. A – Normal sperm; B Cypermethrin – Folded; C – 
Cypermethrin – Amorphous; D – Cypermethrin – Quasinormal; E – 
Cypermethrin – Wrong tail attachment; F – CHlorpyrifos – Hook at 
wrong angle; G – Chlorpyrifos – Kink tail; H – Chlorpyrifos – Coil tail; I 
– Chlorpyrifos – Amorphous head with tow tails. (x1000). 
 
Three animals from each group were used with a total of three 
thousand sperm per concentration. Microscopic inspection showed 
that both cypermethrin and chlorpyrifos caused an abnormal 
sperm morphology when compared with control with 4.20% and 
1.1% abnormal sperm cells for cypermethrin and chlorpyrifos, 
respectively. Some of the aberrations observed in the sperm’s 
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architecture included amorphous appearance, quasinormal, folded 
tail, kinked tail, short tail, two tails appearance and others (Fig 1a-
i). 
Insecticides are widely used pesticides with cypermethrin and 
chlorpyrifos containing insecticides been the most used. There 
have been many studies in the literature reporting the adverse 
effects of such chemical compounds on the environment and 
human health [19]. Cypermethrin and chlorpyrifos are cytotoxic as 
reviewed by Idris and coworkers [20]. Cypermethrin has been 
reported to have the ability to cause DNA damage in the tissues 
and organs of Swiss albino mice [21]. CPF can induce toxicity and 
oxidative stress [22, 23]. Experimental data revealed that 
pesticides such as cypermethrin may possess genotoxic, 
mutagenic, teratogenic, and carcinogenic properties, inducing 
mutations, chromosomal alterations, or DNA damage [24]. The 
prolonged and indiscriminate use of cypermethrin was reported to 
cause both acute and chronic toxicity in non- target species 
including humans [25]. The present study investigated the 
biochemical and genotoxicity of chlorpyrifos and cypermethrin 
using biochemical and genotoxicity assays on male Wistar rat. The 
histology of selected tissues of the experimental Wistar rats was 
also investigated. The results revealed that the administration of 
chlorpyrifos at 48% concentration, after 5 weeks of exposure has 
no significant effect on the biochemical properties and sperm 
morphology of the rats when compared to cypermethrin. This 
result is in line with Akhtar et al. [13], wherein no change was 
observed in sperm motility and morphology at low dose. Our 
result on chlopyrifos was however, in contrast with the work done 
by Golec et al [26]. They showed that exposure to 
organophosphate pesticides in agriculture increases the risk of 
specific morphological abnormalities in sperm as well as 
decreases the sperm count and the percentage of viable sperm.  
 
Table 1. Average rat weight oral administration with cypermethrin and chlorpyrifos.. 
Weeks Control (g)  Cypermethrin (g) Chlorpyrifos (g) 
0 98±2.794
a 126±2.579a   97±2.583a 
1 114±1.932
b 147±2.772b 112±2.161b 
2 130±2.242
c 164±1.183c 127±1.952c 
3 145±1.354
d 175±1.558d 137±1.701d 
4 152±0.667
e 179±1.365e 144±0.694e 
Values are expressed as mean ± SEM (n=3). Values in each column with different superscript are significantly different (p < 0.05). 
 
Table 2. Average weight of rat organs oral administration with cypermethrin and chlorpyrifos. 
Group Heart (g) Brain (g) Liver (g) Kidney (g) 
Control 0.567±0.088
a 1.467±0.033a 4.967±1.020a 0.933±0.033a 
Cypermethrin 0.667±0.067
b 1.600±0.00b 6.800±0.400b 1.033±0.033b 
Chlorpyrifos 0.433±0.033
c 1.433±0.088a 4.833±0.033a 0.933±0.067a 
Values are expressed as mean ± SEM (n=3). Values in each column with different superscript are significantly different (p < 0.05). 
 
Table 3. Organ/body weight ratio of rats after oral administration with cypermethrin and chlorpyrifos. 
Groups Heart Brain Liver Kidney 
Control 0.390±0.085
a 0.983±0.084a 3.487±1.073a 0.630±0.067a 
Cypermethrin 0.383±0.063
a 0.910±0.055b 3.860±0.200b 0.587±0.032b 
Chlorpyrifos 0.300±0.030
a 0.987±0.079a 3.320±0.090a 0.640±0.051a 
Values are expressed as mean ± SEM (n=3). Values in each column with different superscript are significantly different (p < 0.05). 
 
Table 4. Rat biochemical parameters after exposure to cypermethrin and chlorpyrifos. 
Biochemical indices Group Serum 








Alkaline phosphatase (ALP) U/I Control 8020±429.471
a 
Cypermethrin 8222±468.664a 
Values are expressed as mean ± SEM (n=3). Values in column for each biochemical parameter with different superscript are significantly different (p < 
0.05).  
Cypermethrin induced an increase in abnormal sperm shape and 
shows a significant difference when compared to chlopyrifos and 
negative control. This result is in accordance with several studies 
of cypermethrin [6, 27, 28]. The toxicity of cypermethrin possibly 
is due to its stress-causing effect [6, 29. Stress conditions cause 
the release of adrenocorticotropic hormone, triggering the 
consequent secretion of cortisol by the adrenal cortex [30], which 
reduces cellular protein stores, except in the liver. The cause of the 
increase in the frequency of abnormal sperm may be due to an 
error in DNA packaging in the sperm, it may also occur as a result 
of point mutation or as result of the incorporation of pesticides in 
the spermatogenic cycle. Joshi et al. indicated that 
pesticide=induced reactive oxygen species (ROS) production, can 
adversely affect sperm motility and increased sperm abnormality 
[31]. Also, the induction of abnormal sperms was assumed to be 
as a result of an abnormal chromosome [32, 33]. Bruce and 
Heddle, 1979 attributed the occurrence of sperm head 
abnormalities to the chromosomal aberrations that occur during 
the packaging of genetic material in the sperm head or occurrence 
of point mutation in testicular DNA [34]. This is consistent with 
the results obtained from our study as we did not encounter any 
sperm head abnormality. Several studies also reported that 
abnormalities may also arise as a consequence of mistakes in the 
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spermatozoa-differentiating process during spermatogenesis [19, 
35, 36].   
The increase in the AST serum of cypermethrin group in our study 
correlates with previous studies [37]. AST is related to 
mitochondrial damage and increased AST activity in serum 
reflects hepatocellular damage under cypermethrin stress, leading 
to leakage of this enzyme into general circulation [37]. The slight 
increase in the ALP activity in the serum of the cypermethrin 
group may also have been due to necrosis of hepatic tissue due to 
the effect of the insecticides on hepatic parenchymal cells [38]. 
There was a significant increase in the concentration of total 
bilirubin in the serum and liver of cypermethrin and chlorpyrifos 
groups in comparison with the control group. Since liver plays a 
key role in bilirubin metabolism, any damage to liver cells, which 
probably was inflammation in the present study resulting in 
disturbed bile excretion, might be responsible for 
hyperbilirubinemia in cypermethrin intoxicated rats [37, 39, 40]. 
There was no significant difference in the concentration of 
albumin in the serum and liver but there was a significant increase 
in the concentration of albumin in the kidney. Hyperalbuminaemia 
has little diagnostic relevance except, perhaps in dehydration 41.  
The slight and significant rise in the serum creatinine level of rats 
may be due to the impairment of the glomerular function and 
tubular damage to the kidneys [42]. Cypermethrin and 
Chlorpyrifos groups significantly raised serum urea concentration 
when compared to the control group. Elevated serum urea 
correlates with increased protein catabolism in mammalian body 
or from more efficient conversion of ammonia to urea because of 
increased synthesis of the enzyme involved in urea production 
[43]. In kidneys, urea is filtered out of blood by glomeruli and is 
partially being reabsorbed with water. The increased levels of 
these end-products in blood especially serum creatinine and serum 
urea indicate poor clearance of these substances by the kidneys, 
rather than excessive production [43]. 
 
4. CONCLUSIONS 
 In conclusion, findings indicate that cypermethrin and 
chlorpyrifos exposure in rats predisposes to renal injury. 
Additionally, exposure to cypermethrin and chlorpyrifos altered 
rat sperm morphology. Taken together, the findings suggest 
caution in the application of these pesticides, particularly for 
domestic purposes. 
5. REFERENCES 
1. WHO. The WHO Recommended Classification of pesticides by 
hazard, Guidelines to classification (Internet). Who.int. 2009.  
2. Choudhary, S.; Yamini, N.; Yadav, S.; Kamboj, M.; Sharma, A. A 
review: Pesticide residue: Cause of many animal health problems. Journal 
of Entomology and Zoology Studies 2018, 6(3): 330-333. 
3. Mansour, A.; Mohamed, R.; Ali, A.; Farrag, A. The Protective effect 
of Moringa Tea against Cypermethrin-induced hepatorenal dysfunction, 
oxidative stress, and histopathological alterations in female Rats. Asian 
Journal Pharmaceutical and Clinical Research 2018, 11 (10), 112. 
4. Sharma, P.; Singh, R.; Huq, A. Cypermethrin-induced reproductive 
toxicity in the rat is prevented by resveratrol. Journal of Human 
Reproductive Sciences 2014, 7, 99, https://doi.org/10.4103/0974-
1208.138867. 
5. Kaur, M.; Jindal, R. Toxicopathic Branchial Lesions in Grass Carp 
(Ctenopharyngodon idellus) Exposed to Chlorpyrifos. Bulletin of 
Environmental Contamination and Toxicology 2018, 
https://doi.org/10.1007/s00128-018-2320-x. 
6. Singh, A.; Saxena, P.; Sharma, H. Stress induced by beta-cyfluthrin, a 
type-2 pyrethroid, on brain biochemistry of albino rat (Rattus norvegicus). 
Biology and Medicine 2009, 1, 74-86. 
7. Sushma, N.; Devasena, T. Aqueous extract of Trigonella foenum 
graecum (fenugreek) prevents cypermethrin-induced hepatotoxicity and 
nephrotoxicity. Human & Experimental Toxicology, 2010, 29, 311-319, 
https://doi.org/10.1177/0960327110361502. 
8. Wang, X.; Liu, S.; Sun, Y.; Wu, J.; Zhou, Y.; Zhang, J. Beta-
cypermethrin impairs reproductive function in male mice by inducing 
oxidative stress. Theriogenology 2009, 72, 599-611, 
https://doi.org/10.1016/j.theriogenology.2009.04.016. 
9. Wang, H.; Wang, Q.; Zhao, X.; Liu, P.; Meng, X.; Yu, T.; Ji, Y.L.; 
Zhang, H.; Zhang, C.; Zhang, Y.; Xu, D.X. Cypermethrin exposure 
during puberty disrupts testosterone synthesis via downregulating StAR in 
mouse testes. Archives of Toxicology 2009, 84, 53-61, 
https://doi.org/10.1007/s00204-009-0479-y. 
10. Hu, J.; Li, Y.; Li, J.; Pan, C.; He, Z.; Dong, H.; Xu, L.C. Toxic effects 
of cypermethrin on the male reproductive system: with emphasis on the 
androgen receptor. Journal of Applied Toxicology 2011, 33, 576-585, 
https://doi.org/10.1002/jat.1769. 
11. Ali, D.; Nagpure, N.; Kumar, S.; Kumar, R.; Kushwaha, B. 
Genotoxicity assessment of acute exposure of chlorpyrifos to freshwater 
fish Channa punctatus (Bloch) using micronucleus assay and alkaline 
single-cell gel electrophoresis.                Chemosphere 2008, 71, 1823-
1831, https://doi.org/10.1016/j.chemosphere.2008.02.007. 
12. Ali, D.; Nagpure, N.; Kumar, S.; Kumar, R.; Kushwaha, B.; Lakra, 
W. Assessment of genotoxic and mutagenic effects of chlorpyrifos in 
freshwater fish Channa punctatus (Bloch) using micronucleus assay and 
alkaline single-cell gel electrophoresis. Food and Chemical Toxicology 
2009, 47, 650-656, https://doi.org/10.1016/j.fct.2008.12.021. 
13. Akhtar, N.; Srivastava, M.; Raizada, R. Assessment of chlorpyrifos 
toxicity on certain organs in Rattus norvegicus. Journal of Environmental 
biology 2009, 30, 1047-1053. 
14. Arguedas, R.; Gomez, A.; Barquero, M.; Chacon, D.; Corrales, G.; 
Hernandez, S.; Leon, G. Effect of exposition to chlorpyrifos upon 
plasmatic cholinesterases, hematology and blood biochemistry values in 
Bothrops asper (Serpentes: Viperidae). Chemosphere 2018, 205; 
209e214. 
15. Jacobsen, H.; Østergaard, G.; Lam, H.; Poulsen, M.; Frandsen, H.; 
Ladefoged, O.; Meyer, O. Repeated dose 28-day oral toxicity study in 
Wistar rats with a mixture of five pesticides often found as residues in 
food: alphacypermethrin, bromopropylate, carbendazim, chlorpyrifos and 
mancozeb. Food and Chemical Toxicology 2004, 42, 1269-1277, 
https://doi.org/10.1016/j.fct.2004.03.003. 
16. Sabarwal, A.; Kumar, K.; Singh, R. Hazardous Effects of Chemical 
Pesticides on Human Health- Cancer and Other Associated Disorders. 
Environmental Toxicology and Pharmacology 2018, 63. 
17. National Research Council. Guide for the Care and Use of 
Laboratory Animals. 8th ed. Washington DC: The National Academies 
Press; 2011. 
18.  Kherraf, Z.; Yekta, A.; Dacheux, D., Karaouzène, T., Coutton, C.; 
Christou-Kent, M.; Martinez, G.; et al. A Homozygous Ancestral SVA-
Insertion-Mediated Deletion in WDR66 Induces Multiple Morphological 
Abnormalities of the Sperm Flagellum and Male Infertility. AJHG 2018, 
103, 3, 400-412. 
19. Bakare, A.; Mosuro, A.; Osibanjo, O. An in vivo evaluation of 
induction of abnormal sperm morphology in mice by landfill leachates. 
Cypermethrin and chlorpyrifos raises serum urea level and causes abnormal sperm morphology in Wistar rats 
Page | 3973  
Mutation Research/Genetic Toxicology and Environmental Mutagenesis 
2005, 582, 28-34, https://doi.org/10.1016/j.mrgentox.2004.12.007. 
20. Idris, S.; Ambali, S.; Ayo, J. Cytotoxicity of chlopyrifos and 
cypermethrin: The ameliorative effects of antioxidants. African Journal of 
Biotechnology. 2012, 11, 16461-16467. 
21. Patel, S.; Pandey, A.; Bajpayee, M.; Parmar, D.; Dhawan, A. 
Cypermethrin-induced DNA damage in organs and tissues of the mouse: 
Evidence from the comet assay. Mutation Research/Genetic Toxicology 
and Environmental                 Mutagenesis 2006, 607, 176-183, 
http://dx.doi.org/10.1016/j.mrgentox.2006.04.010. 
22. Slotkin, T. Cholinergic systems in brain development and disruption 
by neurotoxicants: nicotine, environmental tobacco smoke, 
organophosphates. Toxicology and Applied Pharmacology 2004, 198, 
132-151, https://doi.org/10.1016/j.taap.2003.06.001. 
23. Yu, F.; Wang, Z.; Ju, B.; Wang, Y.; Wang, J.; Bai, D. Apoptotic 
effect of organophosphorus insecticide chlorpyrifos on mouse retina in 
vivo via oxidative stress and protection of combination of vitamins C and 
E. Experimental                             and Toxicologic Pathology 2008, 59, 
415-423, https://doi.org/10.1016/j.etp.2007.11.007. 
24. Ünal, F.; Yüzbaşıoğlu, D.; Yılmaz, S.; Akıncı, N.; Aksoy, H. 
Genotoxic effects of chlorophenoxy herbicide diclofop-methyl in micein 
vivoand in human lymphocytesin vitro. Drug and Chemical Toxicology 
2011, 34, 390-395, https://doi.org/10.3109/01480545.2010.538695 
25. Aebeed, A.; Amer, A. Combined toxicity of cypermethrin, a 
pyerthroid insecticide and metal to earthworms Eisenia fetida. Med Tox 
Curr Res 2018, 1(1):4-10. 
26. Golec, J.; Hanke, W.; Dabrowski, S. Fertility and occupational 
exposure to pesticides. Medycyna Pracy 2003, 54, 465-472. 
27. Khan, A.; Faridi, H.; Ali, M.; Khan, M.; Siddique, M.; Hussain, I.; 
Ahmad, M. Effects of cypermethrin on some clinico-hemato-biochemical 
and pathological parameters in male dwarf goats (Capra hircus). 
Experimental and Toxicologic Pathology 2009, 61, 151-160, 
https://doi.org/10.1016/j.etp.2008.07.001. 
28. Abdel-Rahim, E.; Abdel-Rahim G, Fayed S, Mahmoud G. 
Antioxidant diet as protective agents against biochemical perturbation 
effects induced by cypermethrin on lipids and protein fractions as well as 
kidney’s function of blood rat. Australian Journal of Basic and Applied 
Sciences 2009, 3, 267-276. 
29. Sadeghi-Hashjin, G.; Koohi, M.; Fallah, F. Influence of Permethrin 
and Cypermethrin on behavior in the mouse. Iranian Journal of 
Verterinary Medicine 2011, 5, 119-124, 
https://dx.doi.org/10.22059/ijvm.2011.23109. 
30. Patti, G.; Guzzeti, C.; Iorgi, N.; Allegri, A.; Napoli, F.; Loche, S.; 
Maghnie, M. Central adrenal insufficiency in children and adolescents. 
Best Practice & Research Clinical Endocrinology & Metabolism 2018, 
32, 4, 425-444. 
31. Joshi, S.; Bansal, B.; Jasuja, N. Evaluation of reproductive and 
developmental toxicity of cypermethrin in male albino rats. Toxicological 
& Environmental Chemistry 2010, 93, 593-602,  
https://doi.org/10.1080/02772248.2010.537441. 
32.  Jayaraman, V.; Upadhya, D.; Narayan, P.; Adiga, S. Lack of an 
Association Between Sperm Head Abnormality and DNA Damage by 
Alkaline Comet Assay. Proceedings of the National Academy of Sciences, 
India Section B: Biological Sciences 2018, 88, 4, 1345–1350. 
33. Colasante, A.; Giulia Minasi, M.; Scarselli, F.; Casciani, V.; Zazzaro, 
V.; Ruberti, A.; Greco, P.; Varricchio, M.; Greco, E. The aging male: 
Relationship between male age, sperm quality and sperm DNA damage in 
an unselected population of 3124 men attending the fertility centre for the 
first time. Archivio Italiano di Urologia e Andrologia 2018; 90, 4. 
34. Bruce, W.; Heddle, J. The mutagenicity of 61 agents as determined by 
the micronucleus, Salmonella and sperm abnormality assays. Canadian 
Journal of Cytology and Genetics 1979, 21, 319-334. 
35. Otitoloju, A.; Obe, I.; Adewale, O.; Otubanjo, O.; Osunkalu, V. 
Preliminary Study on the Induction of Sperm Head Abnormalities in 
Mice, Mus musculus, Exposed to Radiofrequency Radiations from Global 
System for Mobile Communication Base Stations. Bulletin of 
Environmental Contamination and Toxicology 2009, 84, 51-54, 
https://doi.org/10.1007/s00128-009-9894-2. 
36. Agunbiade, S.; Okonko, I.; Alimba, C.; Folarin, A.; Anugweje, K. 
Effects of a carbonaceous bottling plant effluent on albino mice sperm 
morphology and testes histopathology. Nature and Science 2012, 10, 154-
160. 
37. Singh, A.K.; Tiwari, M.N.; Prakash, O.; Singh, M.P. A Current 
Review of Cypermethrin-Induced Neurotoxicity and Nigrostriatal 
Dopaminergic Neurodegeneration. Current Neuropharmacology 2012, 
10, 64-71, https://dx.doi.org/10.2174%2F157015912799362779. 
38. Fetoui, H.; Garoui, E.; Zeghal, N. Lambda-cyhalothrin-induced 
biochemical and histopathological changes in the liver of rats: 
Ameliorative effect of ascorbic acid. Experimental and Toxicologic 
Pathology 2009, 61, 189-196, https://doi.org/10.1016/j.etp.2008.08.002. 
39. Adeyemi, O.; Akanji, M. Psidium guajava leaf extract: effects on rat 
serum homeostasis and tissue morphology. Comparative Clinical 
Pathology 2010, 21, 401-407, http://dx.doi.org/10.1007/s00580-010-
1106-2. 
40. Adeyemi, O.; Sulaiman, F. Biochemical and morphological changes 
in Trypanosoma brucei brucei- infected rats treated with homidium 
chloride and diminazene aceturate. Journal of Basic and Clinical 
Physiology and Pharmacology 2012, 23, https://doi.org/10.1515/jbcpp-
2012-0018. 
41. Adeyemi, O.; Akanji, M. Biochemical changes in the kidney and liver 
of rats following administration of ethanolic extract of Psidium guajava 
leaves. Human & Experimental                     Toxicology 2010, 30, 1266-
1274, https://doi.org/10.1177/0960327110388534. 
42. Adeyemi, O.; Fambegbe, M.; Daniyan, O.; Nwajei, I. Yoyo Bitters, a 
polyherbal formulation influenced some biochemical parameters in 
Wistar rats. Journal of Basic and Clinical Physiology and Pharmacology 
2012, 23, https://doi.org/10.1515/jbcpp-2012-0026. 
43. Adeyemi O, Akanji M, Ekanem J. Ethanolic Extract of Psidium 
guajava Influences Protein and Bilirubin Levels in Trypanosoma brucei 




 We wish to recognize and acknowledge the following for their contribution to this research; Sanni, Halimah Oziohu; Ushedo, 




© 2019 by the authors. This article is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 
 
